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    我们合成了一类 LUMO 轨道较高的、烷氧基取代的二氢萘基-C60 衍生物，


















P3HT:Bis-MDNC 体系的器件的能量转换效率高达 4.58%，开路电压高达 0.83 V；
明显优于基于 P3HT:PC60BM 体系的器件(能量转换效率为 3.25%，开路电压为
0.59 V)。这项工作表明，二氢萘基-C60 衍生物容易通过取代基进行功能化并且可
以通过取代基来调节光伏性能。 
    卤化富勒烯是制备新型富勒烯衍生物的重要的中间体，其中的卤原子可以被
合适的有机基团取代。C60Cl6 是最常见的富勒烯卤化物之一。从 C60Cl6 制备的富
勒烯衍生物具有加成基团都围绕着富勒烯碳笼上的一个五元环的结构，而这种结
构是通常的环加成反应无法得到的。我们以 C60Cl6 为原料合成了两个含有 50 个
π 电子的 C60(OCH3)4 衍生物：C60(OCH3)4-PCBM (C60(OCH3)4 的环丙烷富勒烯衍
生物，其中 PCBM 为[6,6]-苯基-C61-丁酸甲酯)和 C60(OCH3)4-APCBM (C60(OCH3)4
的氮杂环丙烷富勒烯衍生物)。合成的两个 C60(OCH3)4 衍生物的 LUMO 轨道都比
PC60BM 要高，尤其是 C60(OCH3)4-PCBM 的 LUMO 轨道比 PC60BM 高 0.3 eV。




0.715 V，能量转换效率达 2.22%，该效率差不多是文献报道的基于 P3HT/五取代
富勒烯器件的最高效率的两倍。 




了基于 P3HT:BCBA 的太阳能电池。P3HT:BCBA 器件的开路电压为 0.691 V，短
路电流为 5.34 mA/cm2，填充因子为 46.0%，能量转换效率为 1.70%。实验结果
表明，[2+2]环加成产物(BCBA)的光伏性能比[4+2]环加成产物(比如 ICBA)或[3+2]
环加成产物(比如 bisPCBM)要差很多，这可能是由于 BCBA 分子中苯环和碳笼之
间缺乏共轭造成的。 
 
















Currently, more than 80% of the world’s energy consumption comes from buring 
fossil fuels that have had a detrimental effect on climate and the environment. It is 
urgent to develop clean and renewable energy resources for better energy security in 
the future. Solar energy is one of the best available alternatives, for it is both clean 
and abundant.  
Polymer solar cells have attracted great attention due to their advantages of easy 
fabrication, low cost, lightness and flexibility. Materials development has played a 
vital role in the dramatic improvement of polymer solar cells performance in recent 
years, and this is driven primarily by the advancement of conjugated polymer donor 
materials. While most material development efforts have been dedicated to optimizing 
the donor materials, significantly less attention has been placed on acceptor materials 
which to date remain dominated by fullerene derivatives [6,6]-phenyl-C61-butyric acid 
methyl ester(PC60BM) and its corresponding C70 derivative PC70BM. However, 
PC60BM and PC70BM have some drawbacks such as relatively low LUMO energy 
levels compared with those of common donors and weak visible absorption. So, it is 
very important to design and synthesize new fullerene derivatives with up-shifted 
LUMO energy levels and strong visible absorption for polymer solar cells. In this 
thesis, a series of fullerene derivatives were synthesized and used as electron 
acceptors in polymer solar cells. The optical, electrochemical and photovoltaic 
properties of these fullerene derivatives were also studied. 
High quality PC60BM was synthesized according to the literature procedure and 
used as electron acceptor in polymer solar cells. Poly (3-hexylthiophene) 
(P3HT):PC60BM is currently the most widely investigated photovoltaic system. 
Devices based on P3HT:PC60BM now serve as reference cells in polymer solar cells. 
In order to grasp device fabrication techniques, polymer solar cells based on 















device reached the level reported in the literature. 
A class of alkoxy substituted dihydronaphthyl-C60 derivatives, such as 
2-methoxy-(5, 8)-dihydronaphthyl-(6, 7)-[6, 6]-C60 (MDNC) and its bisadduct (Bis- 
MDNC) with high-lying LUMO level, were synthesized and evaluated as electron 
acceptors in polymer solar cells. Influence of substituent groups (methyloxy, 
benzyloxy, benzoyloxy, hexyloxy, and 3-ethoxycarbonylpropyloxy) on photovoltaic 
and electrochemical properties regarding these fullerene derivatives were studied. 
Polymer solar cells using Bis-MDNC blend with P3HT as photoactive layer showed 
power conversion efficiency(PCE) of 4.58% with open-circuit voltage(Voc) of 0.83 V, 
which is superior to the P3HT:PC60BM control device (3.25% PCE with Voc of 0.59 
V). This work exemplifies a facile functionalization and an alterable photovoltaic 
behavior susceptible to substituent groups in the dihydronaphthyl-C60 derivatives. 
Halofullerenes are valuable substrates for preparation of novel fullerene 
derivatives by substitution of halogen atoms with appropriate organic groups. 
Chlorofullerene C60Cl6 is one of the most available [60]fullerene halides. Fullerene 
derivatives prepared from C60Cl6 possess all addends attached around one 
five-membered ring at the fullerene cage; this addition pathway cannot be accessed by 
commonly used cycloaddition reactions. Herein we reported the application of 
chlorofullerene C60Cl6 as a substrate for preparation of two 50π-electron C60(OCH3)4 
derivatives: C60(OCH3)4-PCBM (methanofullerene derivative of C60(OCH3)4, 
PCBM=[6,6]-phenyl-C61-butyric acid methyl ester) and  C60(OCH3)4-APCBM 
(aziridinofullerene derivative of C60(OCH3)4)). The LUMO energy levels of both 
C60(OCH3)4 derivatives are higher than that of PC60BM, especially the LUMO energy 
level of C60(OCH3)4-PCBM is 0.3 eV higher than that of PC60BM. Polymer solar cells 
were fabricated using C60(OCH3)4 derivative as acceptor and P3HT as donor to 
evaluate the photovoltaic performance of C60(OCH3)4 derivative. Although there is 
little difference in the structure of two C60(OCH3)4 derivatives, there is a big 
difference in their photovoltaic performance. The P3HT:C60(OCH3)4-APCBM device 
showed PCE of 1.13% with Voc of 0.625 V. In contrast, the P3HT:C60(OCH3)4-PCBM 















C60(OCH3)4-PCBM device is almost twice as high as that of the best device based on 
P3HT/penta(organo)[60]fullerene reported in the literature. 
Most of the fullerene acceptors used in polymer solar cells were prepared by [4+2] 
cycloaddtion or [3+2] cycloaddtion. There is no report about fullerene acceptor 
prepared by [2+2] cycloaddtion. A novel benzyne-C60 bisadduct (BCBA) was 
synthesized via a [2+2] cycloaddtion between C60 and benzyne generated from 
anthranlic acid. To elucidate the relationship between the molecular structure of 
fullerene derivative and the performance of solar cell devices, polymer solar cells 
were fabricated based on blends of BCBA with P3HT. The P3HT:BCBA device 
showed open-circuit voltage of 0.691 V, short-circuit current of 5.34 mA/cm
2
, fill 
factor of 46.0% and power conversion efficiency of 1.70%. The result reveals that 
[2+2] cycloaddtion product (BCBA) exhibited worse photovoltaic performance than 
[4+2] cycloaddtion product (such as ICBA) or [3+2] cycloaddtion product (such as 
bisPCBM), which is likely due to lack of conjugation between the phenyl ring and the 
fullerene core in BCBA molecule. 
 
























第一章 绪 论 
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光谱，因此其效率比单结太阳能电池更高。2011 年 4 月，美国的 Solar Junction
公司宣布其研制的 GaInP/GaAs/GaInNAs 多节太阳能电池在聚光下(418 suns)效






由日本住友化学(Sumitomo Chemical)携手美国 ULCA(University of California, 
Los Angeles)的 Yang Yang 教授创立的，上述太阳能电池的转换率已获得美国再
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